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METHOD AND APPARATUS OF CONTROLLING 
ELECTRIC POWER FOR TRANSLATION 

LOOKASIDE BUFFER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a US. continuation 
application ?led under 35 USC 111(a) claiming bene?t 
under 35 USC 120 and 365(c) of PCT application JP03/ 
06359 ?led May 21, 2003, the contents of Which are hereby 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention generally relates to TLB 
(Translation Lookaside Buffer for translation from logical 
addresses to physical addresses) incorporated in a processor 
such as a central processing device, and more particularly, to 
reduction in electric poWer consumption for TLB. 

[0004] 2. Description of the Related Art 

[0005] Recent development of high-speed processors 
(central processing devices) has promoted higher operation 
speed of transistor elements in the processors. The faster 
operation of a transistor element is achieved by loWering a 
threshold voltage (Vth) of the transistor element and thereby 
raising the current level (Ids) of the activated transistor 
element. When such transistors are used to design a proces 
sor, it is possible to drastically improve operation frequency 
of the processor. 

[0006] HoWever, if a transistor element has a loWer thresh 
old voltage (Vth) as noted above, the off-state leakage 
current may increase When the transistor element is off-state. 
That results in increases in electric poWer consumption 
during inactivation of the processor. 

[0007] In particular, as disclosed in “Design challeges of 
technology scaling”, IEEE Micro, 19, 4, 1999 presented by 
SBorkar, a larger amount of static electric poWer Would be 
consumed in a cache RAM Within the processor during 
inactivation of the processor. Since an eXisting processor 
includes a large number of cache RAMs and a large area 
Within the processor is occupied by the cache RAMs, it is 
estimated that the processor consumes an amount of poWer 
corresponding to about 5-10% of electric poWer for normal 
operation as static electric poWer, the amount of Which tends 
to increase in future. 

[0008] Also, some proposals to overcome the above prob 
lem have been presented. The article, Which Was Written by 
C. H. Kim, “Dynamic Vt SRAM: ALeakage Tolerant Cache 
Memory for LoW Voltage Microprocessors”, ISLPED02, 
Aug. 12-14, 2002 discloses a method of loWering a leakage 
current by dynamically changing the threshold voltage (Vt) 
of a transisitor. “Cache Decay: Exploiting Generational 
Behavior to Reduce Cache Leakage PoWer”, ISCA, 2001 
discloses an approach to reduce poWer consumption by 
invalidating cache lines beloW a prede?ned frequency of 
use. 

[0009] Moreover, some conventional techniques relating 
to the present invention are described in Japanese Laid-Open 
Patent Applications No. 07-334423, No. 56-035228B and 
No. 09-204359. 
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[0010] HoWever, although TLB Within a processor con 
sumes electric poWer like cache RAMs, little attention on 
reduction in poWer consumption has been focused on TLB 
because of dominant seeking of speedup of TLB. 

[0011] In TLB, CAM (Content Addressable Memory) 
includes high-speed circuits such as dynamic circuits. As a 
result, TLB consumes a large amount of electric poWer 
during normal operation as Well as inactivation. Especially, 
TLB needs to include an additional eXtra charging circuit to 
eliminate some problems such as charge-sharing occurring 
in such a dynamic circuit in a comparator circuit Within 
CAM. Thus, it is impossible to easily reduce electric poWer 
consumption during normal operation and inactivation. 

[0012] In order to improve address translation perfor 
mance of TLB, a larger number of entries are often provided 
Within TLB. That increases an unnecessary amount of 
leakage current, resulting in further increases in poWer 
consumption. 

SUMMARY OF THE INVENTION 

[0013] In order to eliminate the above-mentioned prob 
lems, the present invention is intended to reduce unneces 
sary poWer consumption by controlling disconnection of 
entries unused in the TLB for a long time from poWer 
supply. 

[0014] In order to achieve the above-mentioned objects, 
there is provided according to one aspect of the present 
invention a method of controlling electric poWer consumed 
for a translation lookaside buffer (TLB) Within a central 
processing device having the TLB and an entry replacement 
mechanism Wherein the TLB includes a plurality of entries 
and performs translation from a logical address to a physical 
address and the entry replacement mechanism replaces the 
entries of the TLB, the method including the steps of: 
selecting one or more entries among the plurality of entries 
of the TLB in accordance With one or more prede?ned 
criteria based on an output from the entry replacement 
mechanism, and controlling electric poWer supplied to the 
selected entries. 

[0015] According to one aspect of the present invention, in 
order to reduce electric poWer consumed for TLB during 
inactivation, the poWer consumption is controlled by using 
an entry replacement mechanism required for the TLB by 
nature, selecting a plurality of certain entries as candidates 
to reduce poWer consumption, and disconnecting CAM/ 
RAM parts of unused entries of the TLB from poWer supply. 

[0016] In this manner, since such unused TLB entries can 
be poWered OFF, it is possible to reduce poWer consumption 
due to unnecessary leakage current. 

[0017] Other objects, features and advantages of the 
present invention Will become more apparent from the 
folloWing detailed description When read in conjunction 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a block diagram roughly illustrating a 
typical computer system; 

[0019] FIG. 2 is a block diagram roughly illustrating an 
eXemplary internal structure of a processor of FIG.1; 
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[0020] FIG. 3 illustrates a conventional memory manage 
ment unit; 

[0021] FIG. 4 is a block diagram illustrating an exemplary 
structure of a TLB function part; 

[0022] FIG. 5 is a block diagram illustrating a memory 
management unit according to one embodiment of the 
present invention; 

[0023] FIG. 6 is a block diagram illustrating exemplary 
structures of a TLB function part, TLB and a replaced entry 
selection information generation circuit according to one 
embodiment of the present invention; 

[0024] FIG. 7 is a diagram illustrating TLB, a replaced 
entry selection information generation circuit and a poWer 
control setup circuit; 

[0025] FIG. 8 is a diagram illustrating exemplary struc 
tures of a validbit part and a one-bit cell of a CAM part and 
a RAM part of an entry of TLB of FIG. 6; 

[0026] FIG. 9 is a diagram illustrating an embodiment of 
a poWer control setup circuit; and 

[0027] FIG. 10 is a ?owchart of an exemplary method of 
implementing the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] In the folloWing, embodiments of the present 
invention Will be described in conjunction of the draWings. 

[0029] At the beginning, an exemplary fundamental 
operation of TLB Will be described With reference to FIG. 
1 through FIG. 4. 

[0030] FIG. 1 is a block diagram roughly illustrating a 
typical computer system. Referring to FIG. 1, a typical 
computer system 101 includes a processor 102 as a central 
processing unit, an input/output (I/O) device 103 such as a 
keyboard and a monitor, a main memory 104 for storing data 
and programs and a bus 105 for connecting among the 
processors 102, the I/O device 103 and the main memory 
104. 

[0031] FIG. 2 is a block diagram roughly illustrating an 
exemplary internal structure of the processor 102 of FIG. 1. 
Referring to FIG. 2, the processor 102 includes a processor 
core 201, a memory management unit (MMU) 202, a cache 
control device 203, a cache RAM 204 and a bus control 
circuit 205. 

[0032] FIG. 3 illustrates a conventional memory manage 
ment unit 202. Referring to FIG. 3, the memory manage 
ment unit 202 includes a memory management unit control 
circuit 301 and a TLB function part 302. The TLB function 
part 302 includes TLB 303 and a replaced entry selection 
circuit 304 as an entry replacement mechanism. 

[0033] FIG. 4 is a block diagram illustrating an exemplary 
structure of the TLB function part 302. Referring to FIG. 4, 
the TLB function part 302 includes TLB 303 and a replaced 
entry selection circuit 304. The TLB 303 of FIG. 4 includes 
a plurality of entries, in this example, M entries. Each entry 
includes a validbit part 401, a CAM part 402, a RAM part 
403 and a replacement information storage part 404. The 
validbit part 401 stores information indicative of validity of 
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the entry. The CAM part 402 stores virtual address infor 
mation. The RAM part 403 stores physical address infor 
mation. 

[0034] Basically, in response to an incoming virtual 
address from the memory management unit control circuit 
301 of FIG. 3, TLB 303 retrieves an physical address from 
the RAM part 403 of a relevant entry, of Which CAM part 
402 stores the incoming virtual address and validbit part 401 
is set to be valid, and supplies the retrieved physical address 
to the memory management unit control circuit 301 of FIG. 
3. 

[0035] On the other hand, recently used addresses and 
physical addresses corresponding to the virtual addresses are 
stored in TLB 303. Thus, an entry of TLB 303 may be 
reWritten as the most recently used virtual address and the 
corresponding physical address in accordance With a pre 
de?ned algorithm. The replaced entry selection circuit 304 is 
responsible for this task. The replaced entry selection circuit 
304 reads replacement information from the replacement 
information storage part 404 Within TLB 303. Based on the 
replacement information, the replaced entry selection circuit 
304 then determines Which entry should store the most 
recently used virtual address and the corresponding physical 
address, and informs the memory management unit control 
circuit 301 of FIG. 3 of the determined entry. 

[0036] Then, the memory management unit control circuit 
301 Writes the most recently used virtual address and the 
corresponding physical address in the entry of TLB 303 
speci?ed by the replaced entry selection circuit 304. In this 
Way, the entry of TLB 303 has been replaced. 

[0037] For example, entry random selection algorithm and 
LRU (Least Recently Used) algorithm are knoWn as such an 
algorithm adopted for the replaced entry selection circuit 
304 to select an entry to be replaced. The entry random 
selection algorithm randomly selects one entry to be 
replaced. On the other hand, LRU algorithm, When one entry 
of TLB must be replaced, selects the least recently used 
(accessed) entry as the entry to be replaced. 

[0038] For example, for each entry, the replacement infor 
mation storage part 404 stores reference (access) informa 
tion indicating that the entry has been referred to. For each 
entry, the replaced entry selection circuit 304 reads reference 
information regarding the entry from the replacement infor 
mation storage part 404, and selects the least recently 
accessed entry as an entry to be replaced by comparing the 
reference information on individual entries. Then, the 
replaced entry selection circuit 304 supplies identi?cation of 
the selected entry, such as its entry number, to the memory 
management unit control circuit 301. Based on the identi 
?cation of the selected entry, the memory management unit 
control circuit 301 controls replacement of the entry of TLB. 

[0039] Next, one embodiment of the present invention Will 
be described. FIG. 5 is a block diagram illustrating a 
memory management unit 202 according to one embodi 
ment of the present invention. Referring to FIG. 5, the 
memory management unit 202 includes a memory manage 
ment unit control circuit 301 and a TLB function part 302. 
The TLB function part 302 includes TLB 501, a replaced 
entry selection information generation circuit 502 as an 
entry selection part and a poWer control setup circuit 503 as 
a portion of a poWer control part. 
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[0040] FIG. 6 is a block diagram illustrating exemplary 
structures of TLB 501 and the replaced entry selection 
information generation circuit 502 of the TLB function part 
302 according to one embodiment of the present invention. 
Referring to FIG. 6, TLB 501 includes a plurality of entries, 
in this embodiment, M entries. Each entry includes a validbit 
part 601, a CAM part 602, a RAM part 603 and a replace 
ment information storage part 604. The validbit part 601 
stores information indicative of validity of the entry. The 
CAM part 602 stores virtual address information. The RAM 
part 603 stores physical address information. 

[0041] Similarly to the fundamental operation described 
With reference to FIG. 4, in response to an incoming virtual 
address from the memory management unit control circuit 
301 of FIG. 5, TLB 501 retrieves an physical address from 
the RAM part 603 of an entry, of Which CAM part 602 stores 
the incoming virtual address and validbit part 601 is valid, 
and supplies the retrieved physical address to the memory 
management unit control circuit 301 of FIG. 5. 

[0042] Next, an exemplary operation of the replaced entry 
selection information generation circuit 502 Will be 
described. In this embodiment, the replaced entry selection 
information generation circuit 502 includes a replacement 
order information generation circuit 610 and an entry 
arrangement circuit 611. The replacement order information 
generation circuit 610 generates replacement order informa 
tion for each entry in accordance With the above-mentioned 
entry random selection algorithm or LRU algorithm. The 
entry arrangement circuit 611 sorts entries based on the 
replacement order information generated by the replacement 
order information generation circuit 610, and presents the 
?rst candidate and the second to the M-th candidates. 
Similarly to the manner described With reference to FIG. 4, 
the replaced entry selection information generation circuit 
502 uses the replacement order information generation cir 
cuit 610 and the entry arrangement circuit 611 to read 
replacement information from the replacement information 
storage part 604 of TLB 510. Based on the retrieved 
replacement information, the replaced entry selection infor 
mation generation circuit 502 then determines one entry as 
the ?rst candidate entry to Write the most recently used 
virtual address and the corresponding physical address, and 
sends the determined entry to the memory management unit 
control circuit 301 of FIG. 5 via a signal 511. At the same 
time, the replaced entry selection information generation 
circuit 502 of FIG. 6 selects the second through the M-th 
candidates as entries having a potential of reducing electric 
poWer, and maintains these candidates as replaced entry 
selection order information 512. 

[0043] The replaced entry selection information genera 
tion circuit 502 can use the above-mentioned entry random 
selection algorithm or LRU algorithm to generate the 
replaced entry selection order information 512 for reference 
to candidates to be replaced in terms of their poWer con 
sumption reduction effect. 

[0044] After the ?rst candidate entry has been selected, the 
entry random selection algorithm randomly determines any 
entries corresponding to the second through the M-th entries 
as the replaced entry selection order information. On the 
other hand, in case of LRU algorithm, the replaced entry 
selection information generation circuit 502 reads reference 
information indicating that the entries have been referred to 
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in the replacement information storage part 604 thereof, and 
determines the second through the M-th entries as the 
replaced entry selection order information 512 based on the 
reference information on these entries. In this Way, the 
replaced entry selection information generation circuit 502 
uses LRU algorithm to determine the replaced entry selec 
tion order information 512 in the least recently accessing 
order. 

[0045] FIG. 7 illustrates TLB 501, the replaced entry 
selection information generation circuit 502 and the poWer 
control setup circuit 503. The replaced entry selection order 
information 512, Which indicates the second through the 
M-th entries in the replacement candidate order, is sent from 
the replaced entry selection information generation circuit 
502 to the poWer control setup circuit 503. Then, the poWer 
control setup circuit 503 receives PTE information 701 
(priority level information for maintaining entries to an 
address translation table speci?ed in unit of process per 
formed by a central processing device), access interval 
information 702 (access interval information to the address 
translation table), an external poWer reduction instruction 
signal and others. 

[0046] The poWer control setup circuit 503 sends a poWer 
control signal 513 to relevant entries of TLB 501 in accor 
dance With the replaced entry selection order information 
512 With reference to the PTE information 701, the access 
interval information 702, the external poWer reduction 
instruction signal 703 (control information to select the 
second through the n-th entries based on the replacement 
order information on a plurality of entries), siZe information 
of memory pages in use of the central processing device and 
others. 

[0047] FIG. 8 illustrates exemplary structures of a validbit 
part 601 and a one-bit cell 803 of a CAM part 602 and a 
RAM part 603 of one entry of TLB 501 of FIG. 6. The 
validbit part 601 includes a memory 801 for storing a valid 
bit and a poWer control circuit 802 as a portion of the poWer 
control part. The one-bit cell 803 includes a poWer supply 
(VDD) 811, a poWer supply disconnection circuit 812 as a 
portion of the poWer control part, a comparator/memory cell 
logic 813, a poWer supply disconnection circuit 814 and a 
ground (GND) 815. For each entry, one validbit part 601 is 
provided. The poWer supply disconnection circuits 812 and 
814 include transistors having a high threshold. Each entry 
is provided With a number of one-bit cells 803 correspond 
ing to the total number of bits of the CAM part 602 and the 
RAM part 603 of the entry. In TLB 501 according to this 
embodiment of the present invention, each memory cell of 
the CAM part 602 and the RAM part 603 is provided With 
the poWer supply disconnection circuits 812 and 814 for 
controlling electric poWer. 

[0048] On the other hand, since the validbit part 601 and 
the replacement information storage part 604 of FIG. 6 are 
used for replacement and poWer control, the poWer supply 
disconnection circuits 812 and 814 are not provided to the 
validbit part 601 and the replacement information storage 
part 604 so that electric poWer can be alWays supplied to the 
validbit part 601 and the replacement information storage 
part 604. 

[0049] An input to the memory 801 and an input 816 and 
an output 817 to/from the comparator/memory cell logic 813 
are coupled to the memory management unit control circuit 
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301 of FIG. 5, and are controlled by the memory manage 
ment unit control circuit 301. 

[0050] Avalid bit stored in the memory 801 and a poWer 
control signal 513 supplied from the poWer control setup 
circuit 503 are supplied to the poWer control circuit 802 
Within the validbit part 601. 

[0051] If a validbit 820 from the memory 801 indicates to 
be invalid, it can be concluded that the entry is unused. Thus, 
the poWer control circuit 802 enables (disconnects) the 
poWer supply disconnection circuit 812 and 814 to stop 
electric poWer supplied to the comparator/memory cell logic 
813 in order to reduce poWer consumption. 

[0052] On the other hand, if the validbit 820 from the 
memory 801 indicates to be valid, the poWer control circuit 
802 considers the Whole entry to be valid, and supplies 
electric poWer to the comparator/memory cell logic 813 of 
the entry Without enabling the poWer supply disconnection 
circuit 812 and 814. 

[0053] HoWever, even in case of the validbit 820 from the 
memory 801 being valid, if the poWer control information 
513 indicates that comparator/memory cell logic should be 
disconnected from poWer supply, the poWer control circuit 
802 enables the poWer supply disconnection circuits 812 and 
814 to stop supplying electric poWer to the comparators/ 
memory cell logic 813 in order to reduce poWer consump 
tion. In this case, the validbit is also invalidated. 

[0054] While the replaced entry selection information 
generation circuit 502 provides the order of the second 
through the n-th candidates selected as candidates to be 
replaced, the poWer control setup circuit 503 determines 
What extent of electric poWer should be actually controlled 
based on the order information. 

[0055] Next, an exemplary method of generating a poWer 
control signal by the poWer control setup circuit 503 Will be 
described. 

[0056] FIG. 9 illustrates one embodiment of the poWer 
control setup circuit 503. Referring to FIG. 9, the poWer 
control setup circuit 503 includes a poWer control priority 
setup circuit 901 and a poWer disconnection control circuit 
902. The poWer control priority setup circuit 901 receives a 
signal used as criteria to determine poWer control priority for 
each entry. 

[0057] The received signal includes: 

[0058] (Condition 1): priority level information kept in 
PTE (Page Table Entry: address translation table) entry 
speci?ed in unit of process; 

[0059] (Condition 2): access interval information 
(access interval information to the address translation 
table); 

[0060] (Condition 3): an external poWer reduction 
instruction signal; 

[0061] (Condition 4): the page siZe in use for the central 
processing device; 

[0062] (Condition 5): entry replacement order informa 
tion; and 

[0063] (Condition 6): a plurality of instruction signals 
indicating What extent of poWer supply is dynamically 
disconnected. 
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[0064] Also, for each selection condition, selectivity infor 
mation indicating Whether to select the condition (selectivity 
information to determine What information is used as pre 
de?ned criteria to select entries) and Weight information 915 
for Weighting at selection time are additionally supplied. 

[0065] The selectivity information and the Weight infor 
mation are used, for example, to control (1) Whether to adopt 
a selection condition, or (2) if the selection condition is 
adopted, What Weight the condition is assigned. 

[0066] For example, if the above-mentioned tWo condi 
tions: (Condition 1): the priority level information kept in 
PTE entry and (Condition 2): the access interval information 
are received, the priority betWeen the tWo conditions is 
de?ned based on Weights assigned to the conditions. 

[0067] For example, suppose that an entry is set not to be 
used as a poWer reduction candidate based on the priority 
level information kept in PTE. Also, suppose that the entry 
has not been replaced but can be estimated not to be 
accessed for a long time based on the access interval 
information. 

[0068] For such an entry, the above-mentioned Weight 
information is used to determine Which of the priority level 
information and the access interval information has higher 
priority. 

[0069] With reference to the information 915, it is ?nally 
determined Which candidate(s) should be poWer-controlled 
among the second through the n-th candidates, and a poWer 
control signal is supplied based on the determination. 

[0070] The above-mentioned input signal is used to make 
determination as folloWs. 

[0071] The priority level information is maintained Within 
PTE (Page Table Entry) used as input entry information on 
TLB, and is used as poWer control information. The priority 
level information indicates Whether or not to control electric 
poWer. For a frequently used memory page, if the entry is 
evicted by poWer-controlling the memory page, the perfor 
mance reduction may occur. Thus, similarly to the above 
mentioned case of page siZe, the priority level information 
is maintained as measures for preventing poWer control. 

[0072] The access interval information indicates an access 
interval of a certain TLB entry. Alarge access interval means 
that the physical address space speci?ed in the TLB has not 
been accessed for a long time and that electric poWer is 
Wasted for the TLB entry. Thus, it is possible to reduce 
poWer consumption by invalidating such an entry having 
long access interval by priority. 

[0073] The external poWer reduction instruction signal 
instructs reduction of electric poWer from the external side. 
The external poWer reduction instruction signal is a control 
signal, for example, for alWays interrupting electric poWer 
supplied to a predetermined portion of TLB entries. The 
external poWer reduction instruction signal can be set in 
softWare or hardWare. For example, the external poWer 
reduction instruction signal may be used to save electric 
poWer by interrupting electric poWer supplied to a pre 
de?ned portion of TLB entries in poWer saving mode. 
Alternatively, the external poWer reduction instruction sig 
nal may be a control signal for preventing interruption of 
electric poWer to a certain entry. In this case, it is possible 
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to avoid performance reduction by preventing interruption 
of electric power supplied to a prede?ned portion of TLB 
entries. 

[0074] Concerning the page siZe, in case of continuously 
accessing data having a large page siZe, there is a higher 
possibility that the use of the entry may continue. Thus, 
When the entry is evicted due to execution of poWer control, 
more TLB entries may be registered again, resulting in 
performance reduction. In order to maintain the performance 
by refraining poWer control, this information is used. 

[0075] Concerning entry replacement order information, 
there are various methods of selecting candidates to be 
replaced from TLB entries, such as the above-mentioned 
LRU method and random replacement method. Although 
any method may be used, the entry replacement order 
information is extended to produce order information on the 
?rst through the n-th candidates, and the order information 
is used as selection information. For example, in LRU 
method, the ?rst candidate becomes a replaced entry can 
didate, and the second through the n-th candidates become 
candidate to be poWer-controlled. Depending on adopted 
methods, selected candidates can be Weighted by attaching 
additional information, as needed. 

[0076] For a plurality of instruction signals to indicate 
What extent of poWer supply is dynamically disconnected, 
for example, if LRU method is used as the replacement 
method, the ?rst through the n-th candidates are sorted as 
candidates to be replaced, and the order of candidates to be 
poWer-controlled is produced in accordance With LRU 
method. When electric poWer supplied to all of the second 
through the n-th candidates is stopped, there arises a risk that 
as far as LRU entries required for translation may be 
interrupted, resulting in performance reduction. Thus, an 
external input signal is used to specify up to Which ordered 
candidates should not be provided With electric poWer. For 
example, the external signal speci?es the second through the 
?fth candidates, the supply of electric poWer to the second 
through the ?fth entries in accordance With the LRU can 
didate ordering is stopped, thereby resulting in reduction in 
consumed electric poWer. 

[0077] As mentioned above, the poWer control priority 
setup circuit 901 determines a poWer disconnection priority 
order signal 920 and supplies it to the poWer disconnection 
control circuit 902. 

[0078] The poWer disconnection control circuit 902 
receives the replaced entry selection order information 512 
from the replaced entry selection information generation 
circuit 502. The poWer disconnection control circuit 902 
determines entries to be disconnected based on the replaced 
entry selection order information 512 and the poWer discon 
nection priority order signal 920, and supplies the deter 
mined entries as poWer supply control signals 921 corre 
sponding to the M entries. 

[0079] Each of the poWer supply control signals 921 is 
supplied to the poWer control circuit 802 of FIG. 8 for 
controlling the CAM part 602 and the RAM part 603 of the 
corresponding entry. 

[0080] Next, one embodiment of a procedure of imple 
menting the present invention Will be described With refer 
ence to a ?oWchart of FIG. 10. 
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[0081] FIG. 10 is a ?oWchart of an exemplary method of 
implementing the present invention. 

[0082] Referring to FIG. 10, at step 1001, a replacement 
request is generated in the memory management unit control 
circuit 301. 

[0083] At step 1002, the poWer control priority setup 
circuit 901 generates a poWer disconnection priority order 
signal 920. 

[0084] At the same time, at step 1003, the replaced entry 
selection information generation circuit 502 uses LRU algo 
rithm to generate order information on candidates to be 
replaced and poWer supply disconnection candidates of TLB 
entries. 

[0085] At step 1004, entries to be replaced and entries to 
be disconnected from the poWer supply are selected. 

[0086] At step 1005, the poWer control circuit 802 inter 
rupts the poWer supply to the selected entries to be discon 
nected. 

[0087] At the same time, at step 1006, the memory man 
agement unit control circuit 301 replaces the TLB entries. In 
this replacement, the validbit of the replaced entries is set to 
be valid, and neW data is Written there. When the validbit is 
validated, electric poWer is supplied to the entries. 

[0088] According to the present invention, since unused 
TLB entries or less frequently used TLB entries can be 
actively disconnected from poWer supply, it is possible to 
reduce unnecessary poWer consumption. 

[0089] In addition, according to the present invention, 
since a plurality of selection conditions on poWer discon 
nection can be considered and the conditions can be 
Weighted each other, TLB entries can be invalidated to 
achieve the optimal poWer control in consideration of vari 
ous conditions. As a result, it is possible to reduce poWer 
consumption. 

[0090] In addition, according to the present invention, the 
poWer control setup circuit can statically or dynamically 
provide entry optimal selection conditions for individual 
programs. As a result, it is possible to raise use ef?ciency of 
TLB. 

[0091] The present invention is not limited to the speci? 
cally disclosed embodiments, and variations and modi?ca 
tions may be made Without departing from the scope of the 
present invention. 

What is claimed is: 
1. A method of controlling electric poWer consumed for a 

translation lookaside buffer (TLB) Within a central process 
ing device having the TLB and an entry replacement mecha 
nism Wherein the TLB includes a plurality of entries and 
performs translation from a logical address to a physical 
address and the entry replacement mechanism replaces the 
entries of the TLB, the method comprising the steps of: 

selecting one or more entries among the plurality of 
entries of the TLB in accordance With one or more 
prede?ned criteria based on an output from the entry 
replacement mechanism, and 

controlling electric poWer supplied to the selected entries. 
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2. The method as claimed in claim 1, wherein the output 
from the entry replacement mechanism is replacement order 
information on the plurality of entries. 

3. The method as claimed in claim 2, Wherein the replace 
ment order information is based on use frequency of each of 
the plurality of entries. 

4. The method as claimed in claim 1, further comprising 
the step of: 

inputting information for controlling for the entry selec 
tion step to select second through n-th entries in accor 
dance With the replacement order information. 

5. The method as claimed in claim 1, Wherein the pre 
de?ned criteria comprises one or more of siZe information 
on memory pages used by the central processing device, 
priority level information on keeping an entry of an address 
translation table speci?ed in unit of process eXecuted by the 
central processing device, access interval information to the 
address translation table, replacement order information and 
information for controlling to select second through n-th 
entries in accordance With the replacement order informa 
tion. 

6. The method as claimed in claim 1, further comprising 
the step of: 

inputting selectivity information and Weight information, 

Wherein the selectivity information is for determining 
Whether to use as the prede?ned criteria one or more of 

the siZe information on memory pages used by the 
central processing device, the priority level information 
on keeping an entry of an address translation table 
speci?ed in unit of process executed by the central 
processing device, the access interval information to 
the address translation table, the replacement order 
information and the information for controlling to 
select second through n-th entries in accordance With 
the replacement order information, and the Weight 
information is associated With Weighting of the one or 
more information. 

7. A apparatus for controlling electric poWer consumed 
for a translation lookaside buffer (TLB) Within a central 
processing device having the TLB and an entry replacement 
mechanism Wherein the TLB includes a plurality of entries 
and performs translation from a logical address to a physical 
address and the entry replacement mechanism replaces the 
entries of the TLB, the apparatus comprising: 

an entry selection part selecting one or more entries 
among the plurality of entries of the TLB in accordance 
With one or more prede?ned criteria based on an output 

from the entry replacement mechanism, and 

a poWer control part controlling electric poWer supplied to 
the selected entries. 

8. The apparatus as claimed in claim 7, Wherein the output 
from the entry replacement mechanism is replacement order 
information on the plurality of entries. 
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9. The apparatus as claimed in claim 8, Wherein the 
replacement order information is based on use frequency of 
each of the plurality of entries. 

10. The apparatus as claimed in claim 7, further compris 
ing: 

an information input part inputting information for con 
trolling for the entry selection part to select second 
through n-th entries in accordance With the replacement 
order information. 

11. The apparatus as claimed in claim 7, Wherein the 
prede?ned criteria comprises one or more of siZe informa 
tion on memory pages used by the central processing device, 
priority level information on keeping an entry of an address 
translation table speci?ed in unit of process eXecuted by the 
central processing device, access interval information to the 
address translation table, replacement order information and 
information for controlling to select second through n-th 
entries in accordance With the replacement order informa 
tion. 

12. The apparatus as claimed in claim 7, further compris 
ing: 

an input part inputting selectivity information and Weight 
information, 

Wherein the selectivity information is for determining 
Whether to use as the prede?ned criteria one or more of 

the siZe information on memory pages used by the 
central processing device, the priority level information 
on keeping an entry of an address translation table 
speci?ed in unit of process executed by the central 
processing device, the access interval information to 
the address translation table, the replacement order 
information and the information for controlling to 
select second through n-th entries in accordance With 
the replacement order information, and the Weight 
information is associated With Weighting of the one or 
more information. 

13. A central processing device, comprising: 

a translation lookaside buffer (TLB) having a plurality of 
entries and performing translation from a logical 
address to a physical address; 

an entry replacement mechanism replacing one or more of 
the plurality of entries of the TLB; and 

a device including an entry selection part selecting one or 
more entries among the plurality of entries of the TLB 
in accordance With one or more prede?ned criteria 
based on an output from the entry replacement mecha 
nism, and a poWer control part controlling electric 
poWer supplied to the selected entries. 


